Self-care agency (SCA), defined as one's ability and willingness to engage in self-care behaviors, can influence actual performance of self-care behaviors in lung transplant recipients (LTRs). Understanding patterns of SCA over time may inform the design of interventions to promote self-care in LTRs. Using group-based trajectory modeling, we sought to identify patterns and correlates of SCA among 94 LTRs over the first 12 months post-transplant. Baseline measures of sociodemographic, clinical, and psychosocial factors, and longitudinally assessed psychological distress were examined for their associations with predicted trajectory group membership. Three distinct stable (ie, zero slope) SCA trajectories were identified as follows: persistently low, persistently moderate, and persistently high. Based on the final multivariate model, requiring a re-intubation after transplant (P=.043), discharged to a facility rather than home (P=.048), and reporting a higher level of baseline anxiety (P=.001) were significantly associated with lower SCA. Linear mixed models revealed that higher levels of anxiety and depression were associated with lower SCA in the persistently moderate and low SCA groups over the 12-month time period (Ps<.05). LTRs who require a re-intubation after transplant and are discharged to a facility other than home, and report high psychological distress, may need additional assistance to engage in post-transplant selfcare behaviors.
| INTRODUCTION
Over the last few decades, lung transplantation has been increasingly performed for individuals with end-stage lung diseases and can lead to markedly improved quality of life.
1,2 As a medically complex and chronically ill population, lung transplant recipients (LTRs) are prescribed a lifelong medical regimen to follow. 3 LTRs are expected to perform a variety of self-care behaviors such as adhering to medication taking, self-monitoring of their lung functions, vital signs and symptoms, and communicating critical changes to their transplant coordinators in a timely manner. 4, 5 Adhering to these activities has been shown to be effective in detecting and preventing early post-transplant complications, improving health outcomes, and reducing health care cost. 6, 7 Despite the widely agreed importance of these self-care behaviors, accumulating evidence shows that actual performance of these behaviors by LTRs is suboptimal and far below the recommended levels. 4, 8, 9 Orem's theory of self-care purports that self-care agency (SCA), defined as one's ability and willingness to engage in self-care behaviors, influences how well an individual performs a wide variety of self-care behaviors across many chronic illness populations. 10 Low level of SCA was associated with low level of engagement in self-care behaviors, poor medication adherence, and suboptimal health outcomes such as poor glycemic control in patients with type 2 diabetes. [11] [12] [13] [14] Furthermore, the theory of self-care posits that SCA is influenced by sociodemographic, clinical, and psychosocial characteristics of an individual. 10, 14 Although SCA has gained much attention in individuals with chronic conditions such as cystic fibrosis, 11 diabetes, 12 chronic obstructive pulmonary diseases, 15 and hypertension, 16 research regarding SCA after lung transplantation is limited. One study has described the levels of SCA and examined its correlates among LTRs prior to discharge from their transplant surgery, and found that LTRs reported higher levels of SCA than patients with other chronic diseases. 17 The authors suggested that, perhaps because SCA was assessed before discharge, LTRs might have been overly confident about their capability to perform self-care behaviors at home. 17 The authors thus called for future work to explore longitudinal patterns of SCA among LTRs.
Given the key role that self-care behaviors play in promoting health outcomes after lung transplantation, it is important to more fully understand the longitudinal patterns and correlates of SCA to guide the development of interventions to promote SCA or prevent a decline in SCA among LTRs. Therefore, the purposes of this study were to (i) identify the distinct patterns of SCA over the first 12 months posthospital discharge after transplant and (ii) examine correlates of the patterns for SCA among LTRs.
| METHODS

| Study design
This study was a secondary analysis of longitudinal data collected during a randomized controlled trial (R01 NR107011, PI: DeVito Dabbs). The aims of the parent study were to examine the efficacy of Pocket PATH ® , a mobile health intervention, compared to usual care for promoting self-care behaviors (primary outcomes), SCA, and transplant-related health (secondary outcomes) among LTRs over the first 12 months post-hospital discharge after transplant. 18 
| Sample and setting
Eligibility for this study was identical to that of the parent study.
Inclusion criteria included LTRs who were (i) >18 years of age;
(ii) stable enough to be transferred from the cardiothoracic intensive care unit (ICU) to the acute care unit; and (iii) able to speak and read English. Exclusion criteria were LTRs who (i) had received any prior transplant or (ii) were unable to perform their self-care. All LTRs were recruited from the Cardiothoracic Transplant Program of University of Pittsburgh Medical Center.
The sample for this study was comprised of the 102 LTRs who were randomized to the usual care arm. The rationale to focus only on the usual care group was to avoid the possible intervention effect on SCA. The sample used for this secondary analysis partially overlapped with the sample reported in a prior report, 17 which focused on cross-sectional baseline data (prior to randomization), whereas this investigation included all LTRs randomized to the usual care arm and examined longitudinal patterns of SCA over 12 months.
| Procedures
IRB approval was obtained for this study. In the usual care arm, LTRs received standard discharge education regarding their self-care requirements during a one-on-one education session with a transplant coordinator who provided written materials and a spirometer for LTRs to monitor lung function at home. 18 LTRs were instructed to selfmonitor changes in health parameters such as temperature, spirometry readings, and symptoms for possible complications and to record these data on paper and pencil logs. 18 Prior to hospital discharge, all potential eligible LTRs were approached and asked to sign written informed consent to participate in the parent RCT. Baseline data were collected by trained interviewers after the standard discharge education but prior to discharge and randomization. All participants were re-assessed at 2, 6, and 12 months post-hospital discharge after transplant.
| Measures
| Dependent variable -Self-care agency (SCA)
We used the 53-item, self-report instrument, perception of self-care agency, to measure SCA. 19 The This scale was completed at baseline (ie, post-transplant but immediately prior to discharge) and at 2, 6, and 12 months post-hospital discharge after transplant.
| Potential correlates of SCA
The following potential correlates were selected to be consistent with the factors outlined by Orem's self-care theory 10 and prior research in LTRs 17 and other chronic illness populations. 11, 12, [14] [15] [16] Sociodemographic correlates
Characteristics such as age, gender, race, marital status, education, and whether respondents felt that their income met their needs were collected at baseline using a sociodemographic profile. Given the small number of nonwhite participants, race was considered descriptively but could not be included in multivariate analyses. Cronbach's alpha in the current sample for baseline scores was 0.86 for the anxiety subscale and 0.82 for depression subscale. and Bayes factor for competing models. 25, 26 We applied ordinal logistic regression assuming proportional odds to examine the baseline correlates of predicted membership by the trajectory modeling. In order to maximize the ratio of sample size to number of variables, we first performed univariate ordinal logistic regression considering each baseline correlate singly to screen for candidate variables for the multivariate modeling. Given the relatively small sample size for this investigation, we used a liberal 0.30 P-value cutoff for univariate screening to retain likely important candidate variables in the final model. 27 Using a backward elimination approach, a final parsimonious multivariate model was determined where all retained variables were statistically significant (P<.05). The proportional odds assumption was met for all ordinal logistic regression models. For the longitudinally measured psychosocial correlates of anxiety and depression, we applied linear mixed modeling to examine the associations between these time-dependent covariates and the predicted group membership for SCA over the first 12 months after discharge after transplant.
Clinical correlates
| Statistical analysis
| RESULTS
| Sample characteristics
We excluded eight participants who died during the study, leading to a final sample for analysis of 94 LTRs. There was no difference between these eight participants and the rest of the sample, except that those eight LTRs were more likely to be discharged to facilities other than home. Table 1 summarizes the sociodemographic, clinical, and psychosocial characteristics of the 94 LTRs. Our samples were mostly White (88.3%), currently married (71.3%) and had above high school education (67.0%), and male (59.6%) with a mean age of 57.2±13.6 years.
Majority of them had bilateral lung transplantation (83.0%), and 42.6%
had the pre-transplant diagnosis of obstructive disease. These characteristics were representative of the lung transplant population in the United States. 
| Trajectories of Self-Care Agency
Based on the group-based trajectory modeling, a model with three distinct stable (ie, zero slope) trajectory groups provided best fit to the data (BIC=−1573.58). As shown in Figure 1 Table 2 ). In other words, requiring a re-intubation, discharged to a facility other than home, and reporting a higher anxiety level were associated with relatively low level of SCA. 
| Baseline correlates of self-care agency
| Longitudinal correlates of self-care agency
| DISCUSSION
This study examined patterns of SCA over the first 12-months post-hospital discharge after transplant. moderate SCA group, and a persistently high SCA group. This suggests that, under usual care condition, SCA levels remained relatively stable within each group over time. Of particular note, there were approximately 20-point differences in SCA levels among the three trajectory groups. Although higher scores indicate higher perceived SCA, it is unclear whether these 20 points reflect clinically meaningful differences. While we found that under a usual care condition SCA levels were stable in each group, others have demonstrated that SCA is responsive to interventions and can improve over time. 5, 29 Taken together, these suggest the importance of assessing LTRs' SCA prior to discharge and intervening early to reinforce and/ or strengthen LTRs' SCA, 30 and ultimately to promote better health outcomes over time.
This study also examined correlates associated with patterns of SCA. We found that LTRs who required re-intubation during the transplant hospitalization or were discharged to care facilities other than home were more likely to be in the lower SCA groups. Requiring a re-intubation or discharged to care facilities may indicate the poor physical health status of LTRs. The relationship between poorer physical health and lower SCA has been reported in other chronic diseases population. 31 It is possible that poor physical health status diminishes one's confidence in ability to perform self-care behaviors. 32 In cases where SCA is likely to be significantly compromised by poor health over time, it may be important to engage family caregivers as co-managers of the LTRs' health after transplant. 33 Given that factors such as discharged to facilities other than homes and requiring a re-intubation were associated with relatively low SCA levels, it may be valuable to include a measure of frailty in future studies.
The current study revealed a significant negative correlation between psychological distress and SCA level with higher levels of baseline anxiety associated with lower SCA. This finding is consistent with the earlier report, 17 which found that LTRs with higher levels of psychological distress prior to discharge were more likely to report lower SCA. This negative relationship has also been reported in other populations, such as patients with chronic obstructive pulmonary diseases. 15 This significant baseline association suggests that it may be important for future studies to assess LTRs' psychological distress levels before transplant, which may provide further explanation for the high levels of anxiety at baseline in the persistently low SCA group. The current study not only confirms that baseline anxiety level is inversely related to baseline SCA levels, but also adds to our understanding that this negative association persists over time. Interestingly, we observed anxiety level in the persistently low SCA group was trending down toward that in the moderate SCA group over time, yet the SCA level did not change for the low SCA group. The lack of improvement in SCA for the low SCA group may be due to the fact that this group remained at significantly higher levels of depression than the moderate group at 2 and 6 months post-discharge, which may adversely affect their confidence of self-care and potentially explain the low SCA.
Psychological distress includes symptoms of anxiety and depression and has been shown to negatively influence a person's motivation, self-concept, and ability to problem solve and cope. 34 This may explain why LTRs with higher distress report lower SCA, highlighting the importance of screening and monitoring psychological distress over time and intervening to reduce the distress among LTRs following transplantation when needed.
Several limitations in this study must be recognized. The sample was recruited from a single transplant program, which may limit our findings' generalizability, although the sample was representative of
LTRs population in the United States. 28 Our sample included only the participants of the parent study who were randomized to the usual care group, which limited our sample size. However, we employed several strategies in the analyses (ie, univariate screening and backward elimination) to ensure that the respondent-to-variable ratio met the suggested target of 10:1. 35 Lastly, some of the correlates, such as the quality of recipient-caregiver relationship, were only measured at baseline, limiting our ability to explore how these correlates may be associated with SCA over time.
| CONCLUSIONS
In conclusion, this is the first study to examine longitudinal patterns and correlates of SCA in LTRs over the first 12 months after discharge from transplant hospitalization. Three stable patterns of SCA were identified, indicating that under usual care conditions, over the first 12 months after discharge, SCA is a relatively stable phenomenon.
Health care providers may use the risk information such as requiring a re-intubation after transplant and being discharged to a facility other than home to identify and target high-risk population for low SCA. The negative association between psychological distress and SCA points to potential important targets for strengthening SCA, promoting self-care, and ultimately optimizing health outcomes after lung transplantation. 
